A Raman spectroscopic characterization of bonding in the complex of horse liver alcohol dehydrogenase with NADH and N-cyclohexylformamide.
The binding of N-cyclohexylformamide (CXF) to the complex of horse liver alcohol dehydrogenase with NADH mimics that of the Michaelis complex for aldehyde reduction catalyzed by the enzyme. The Raman spectra of bound CXF and its 13C- and 15N-substituted derivatives have been obtained using Raman difference techniques, and the results are compared with CXF spectra in aqueous solution and in methylene chloride. The results indicate that the amide N-H bond is trans to the C=O bond of CXF both in solution and in the enzyme ternary complex. The C=O stretch and N-H bending modes of the amide of CXF shift -16 and -9 cm-1, respectively, in the enzyme ternary complex relative to that in aqueous solution and -48 and 36 cm-1, respectively, relative to that in methylene chloride. Ab initio normal mode calculations on various model systems of CXF show that the observed frequency changes of the C=O stretch mode have contributions from the frequency changes induced by the environmental changes near both the local C=O bond and the remote N-H bond. The same is true for the observed N-H bending frequency change. Our calculations also show that the environmentally induced frequency changes are additive so that it is possible to determine the C=O stretch (or N-H bending) frequency change that is due to the local interaction change near the C=O (or N-H) bond from the observed frequency changes. On the basis of these results and the empirical relationship between the C=O stretch frequency shift and the interaction enthalpy change on the C=O bond developed here, it is found that the C=O group of CXF in the enzyme/NADH/CXF complex binds with a favorable interaction enthalpy of approximately 5.5 kcal/mol relative to water. Similar analysis suggests that the N-H moiety of CXF is destabilized in the ternary complex by about 1.5 kcal/mol relative to water but is stabilized by about 1.5 kcal/mol relative to a hydrophobic environment. The analysis describes quantitatively the binding of the C=O of CXF with the catalytic zinc and the hydroxyl group of Ser-48 and the interaction of the N-H with the benzene ring of Phe-93 of the enzyme.